Introduction {#S0001}
============

The maintenance of arterial blood pressure is felt to be important to ensure adequate regional perfusion. While spinal anesthesia (SA) may confer significant benefits when compared to general anesthesia, it is frequently associated with arterial hypotension. The aim of this article is to review the mechanisms responsible for spinal anesthesia-induced hypotension (SAIH) as well as to discuss the different approaches to prevent and treat SAIH.

Mechanisms of Arterial Hypotension {#S0002}
==================================

While the cardiovascular effects of SA are proportionate to the extent of the associated sympathetic block the extent of the resulting sympathetic block can vary significantly between individual patients.

Effect of SA on the Resistive and Capacitive Vascular Systems {#S0002-S2001}
-------------------------------------------------------------

The sympathetic block created by SA rapidly leads to arterial and arteriolar vasodilation in the regions concerned which in turn leads to an augmentation of sympathetic arterial vascular tone in the regions not subject to the block through a baroreflex. These compensatory mechanisms are generally more effective in younger patients.[@CIT0001]

The hemodynamic consequences of SA also result in a sympathetic block of the venous reservoir[@CIT0002] which then leads to pooling of blood in the capacitance vessels in the lowermost regions.[@CIT0003] When the level of the sensory block is higher than or equal to T6, this pooling in the hepatosplanchnic region can affect up to 20% of the circulating blood volume and this volume can be mobilized by the use of vasopressors.

Effects of SA on the Cardiac System {#S0002-S2002}
-----------------------------------

SA leads to bradycardia and a drop in blood pressure by causing a sympathovagal imbalance in favor of the parasympathetic tone. This bradycardia/hypotension could represent a dysregulation of cardiovascular function or could alternatively be interpreted as an adaptive response (lengthening of the duration of diastole to promote ventricular filling).

Physiologically, it is well established that the cardioinhibitory receptors of the Bezold--Jarisch reflex (BJR), in conjunction with the aortic and carotid baroreceptors, participate in the regulation of arterial blood pressure.[@CIT0004] In conditions of moderate hypovolemia, the activity of the BJR is lowered with a concomitant stimulation of the baroreflex leading to an increase in arterial blood pressure. In conditions of severe hypovolemia like profound hemorrhage, a brutal drop in venous return leads to a paradoxical activation of the BJR with a sustained hypotension and bradycardia, the latter could be an adaptative mechanism to preserve diastolic filling time.[@CIT0005]

Approximately 13% of non-obstetrical patients experience bradycardia during SA,[@CIT0006] generally without significant consequences as long as corrective measures are immediately taken.[@CIT0007] However severe bradycardia can rapidly progress to asystole[@CIT0008] and bradycardia induced by SA should therefore always be considered a warning sign of an impending hemodynamic collapse.

Studies of cardiac output under SA have shown a biphasic effect of SA: cardiac output initially increases due to a decrease in afterload through arterial vasodilatation (reaching a maximum after about 7 minutes), and subsequently decreases secondary to a decrease in preload.[@CIT0009],[@CIT0010] This decrease in cardiac output is one of the determinants for the decrease in arterial blood pressure observed in 15% to 50% of patients.

In the elderly, age-related changes (alteration in systolic function, diastolic relaxation) can aggravate the decrease in cardiac output in this setting.[@CIT0011]--[@CIT0014]

Arterial Hypotension {#S0002-S2003}
--------------------

The consequence of the effects of SA on the cardiovascular system is the occurrence of arterial hypotension. Intraoperative arterial hypotension has been linked to an increase in patient mortality and morbidity.[@CIT0015],[@CIT0016] In the literature, the most commonly used definition for SAIH is a systolic arterial blood pressure less than 80% of the baseline. The incidence of SAIH increases with age, being about 36% of younger patients and increasing to 75% of patients over the age of 50.[@CIT0017] Even with low doses (ie, 7.5 mg of bupivacaine), the incidence of SAIH remains high in older patients.[@CIT0012] Furthermore, SAIH can be amplified by an impairment of mechanisms of homeostasis; even more so in patients with an altered neuro-humoral regulation of cardiac function, with a rapid extension of the block, or simultaneously administered sedation (increased dysautonomia).

Control of Arterial Blood Pressure {#S0003}
==================================

Unilateral SA {#S0003-S2001}
-------------

Even if recently the dose in SA was drastically reduced,[@CIT0009],[@CIT0018] In orthopedic surgery, SA can be lateralized to the side to be operated on in order to create a predominantly unilateral sympathetic bloc and thus to minimize its hemodynamic consequences.[@CIT0019],[@CIT0020] This can be particularly helpful in patients at higher risk of SAIH (ie, elderly patients). This can be achieved by injecting the local anesthetic with the orifice of the needle towards the side to be operated on and by placing the patient in the lateral decubitus position (for hyperbaric solutions the limb to be operated on would be towards the bottom, and for hypobaric solutions with the limb to be operated on towards the top). This position should then be maintained for approximately 20 minutes until a predominantly unilateral block is obtained. Bupivacaine remains one of the most commonly used local anesthetics for SA with doses recommended between 3.5 and 8 mg when used this way.[@CIT0021] One of the major drawbacks of any techniques using a small-dose single injection is the risk of an insufficiently high block or the block wearing off prematurely.

Titrating SA {#S0003-S2002}
------------

One possible approach is the use of a spinal catheter through which it is possible to titrate the local anesthetic, thus allowing some control over both the extent and the rapidity of onset of the associated sympathetic block.[@CIT0022]--[@CIT0025] Compared with conventional SA, titrating SA induces less hypotension and reduces the need for vasopressor agents, in comparison to even low dose single shot SA.[@CIT0022]--[@CIT0024],[@CIT0026] Such a use of spinal catheters has been described with the use of a small size Tuohy needle via paramedian approach[@CIT0027] and by inserting the catheter no more than 2 centimetres into the intrathecal space.[@CIT0028] The local anesthetic (2.5 mg of isobaric bupivacaine) is then injected and can be re-administered every 15 minutes so as to obtain a sufficient sensory level. The resulting hemodynamic profile is more stable compared to both a traditional spinal and general anesthesia,[@CIT0023],[@CIT0024] even in higher-risk patients where it resulted in fewer hypotensive episodes and less myocardial ischemia than the other anesthetic techniques.

The size of the needle during puncture of the spinal canal has been shown to be an important predictor of post-dural-puncture headaches and since this technique uses a relatively large Tuohy needle, the possibility of a post-dural-puncture headache is expected to be much higher when compared to a traditional SA. However, since this technique is used mostly used in elderly patient (due to their increased risk of SAIH), the increase in post-dural-puncture headaches may not be clinically significant, since elderly patients are much less prone to this complication and the overall risk/benefit profile may be favourable for this patient population.

The Effect of Circulating Blood Volume and Body Position {#S0003-S2003}
--------------------------------------------------------

Pre-existing hypovolemia can lead to cardiovascular collapse during SA[@CIT0029] and putting the patient level from Trendelenburg can precipitate a cardiac arrest.[@CIT0030] The possible cephalad extension of any hyperbaric solution must be carefully considered and its hemodynamic effects anticipated. In the parturient, the left lateral tilt position (5--10°) after SA favours venous return by limiting aortocaval compression by the gravid uterus.[@CIT0031]

Fluid Loading {#S0003-S2004}
-------------

The type and amount of intravenous fluid must take into account the effects of the sympathetic block, the patient's volume status before the SA as well as any intraoperative and postoperative fluid losses.

In obstetrical patients, during caesarean section, fluid loading (FL) is frequently used either alone (44%) or in association with a vasopressor (53%).[@CIT0032] Different types of iv fluid and the timing of its administration have been studied.[@CIT0033] While crystalloid preloading (ie, before the SA) is ineffective and not clinically indicated, colloid preloading (using hydroxyethyl starch, HES) can effectively reduce the incidence and severity of maternal hypotension[@CIT0034] decrease the quantity of vasopressors required.[@CIT0035] HES co-loading is as effective as HES preloading, when administered rapidly after placing the SA (within 5 to 10 minutes). Crystalloid co-loading is a less costly alternative, but its effectiveness appears to be less, especially when administered at slower speeds. For some special clinical cases, such as patient with pre-eclampsia FL should only be performed as absolutely necessary (after onset of SA) in order to avoid fluid overload.[@CIT0034] For fluid loading, studies showed that crystalloid co-loading reduced the incidence of hypotension in SA for cesarean delivery.[@CIT0036] As crystalloids are more widely used, without the disadvantages related to colloids, like allergic reactions, coagulation changes and cost.

Atropine {#S0003-S2005}
--------

Atropine is widely used to treat bradycardia but little data are available concerning its use to prevent SAIH. Lim et al have investigated atropine (given intravenously 1 min after SA) and shown a dose-dependent increase in heart rate and reduction in the need for vasopressors.[@CIT0035] Although routine pretreatment with atropine in patients undergoing SA is not recommended at this time, small-dose atropine (5 μg/Kg) may help in patients with low baseline heart rate or in patients who are hypotensive and relatively bradycardic after SA.

Ephedrine {#S0003-S2006}
---------

Ephedrine has for a long time been considered the standard vasoconstrictor for SAIH.[@CIT0037] It is sympathomimetic amine acting directly on both α- and β- adrenergic receptors as well as indirectly by increasing the release of endogenous catecholamine (norepinephrine). Since the storage of endogenous norepinephrine is depleted in patients under long-term treatment with ACE inhibitors (or angiotensin II receptor antagonists) the effects of ephedrine in those patients can be diminished. This lead to the proposal that these patients would benefit from the use of a direct-acting sympathomimetic drug, such as phenylephrine[@CIT0037]--[@CIT0039] or even adrenaline. The pharmacodynamics of phenylephrine (a pure α- adrenergic agonist) along with its lack of placental transfer and effect on foetal metabolism make it the vasoconstrictor of choice (see next section), while ephedrine remains the recommended treatment for patients with parasympathetic hyperactivity (bradycardia associated with hypotension).[@CIT0004]

Phenylephrine {#S0003-S2007}
-------------

Phenylephrine, a direct-acting α (1)-adrenergic receptor agonist, has largely been used to treat intraoperative arterial hypotension. Even though physiological studies suggest that the use of α-adrenergic agonists increases cardiac afterload and reduces venous compliance,[@CIT0040] the effect of phenylephrine on cardiac output is very dependent on the starting conditions of venous return.[@CIT0041] If left ventricular function is normal, an increase in left ventricular afterload has only a small effect on cardiac output. If the intravascular volume status of the patient is good, phenylephrine can mobilize volume and increase venous return which in turn increase cardiac output[@CIT0042] according to Starling's law.[@CIT0043] However, if the patient's sympathetic tone is already increased, then the volume in the venous capacitance vessels has already been recruited, and phenylephrine can actually increase arterial resistance and diminish cardiac output especially if the patient has an impairment of cardiac function.[@CIT0042]

However, numerous publications report the use of phenylephrine to treat or prevent hypotension during SA.

Different modes of administering phenylephrine have been tested. Compared to rescue administration (ie, a bolus of 100 μg phenylephrine each time the systolic blood pressure drops below 80% of base-line), the prophylactic administration of phenylephrine (ie, immediately after the intrathecal injection of local anesthetic to maintain a systolic blood pressure of at least 80% of base-line) often leads to higher phenylephrine use and better prevention of arterial hypotension in the parturient as in the elderly.[@CIT0011],[@CIT0034],[@CIT0044],[@CIT0045] Among the prophylactic administration regimens, fixed-rate continuous infusions, as compared to repeated boluses, do not appear to be beneficial.[@CIT0046] A variable rate, prophylactic infusion of phenylephrine leads to greater hemodynamic stability, less nausea and vomiting, and reduced the number of interventions required to maintain blood pressure.[@CIT0047] Closed-loop computer-controlled continuous infusion of phenylephrine has also been studied and shown to lead to better control of blood pressure than manually controlled continuous infusion.[@CIT0048]

In conclusion, the prophylactic administration of phenylephrine (ie, immediately after intrathecal injection) by continuous, rate adjusted intravenous infusion of phenylephrine appears optimal to limit the decrease in blood pressure after SA. Alternatively, a fixed rate of 50 μg/minute (with repeated boluses of 100 μg for a blood pressure below 80% of the base-line) appears to be acceptable. Should neither of these two options be feasible, then the clinician could choose prophylactic treatment with repeated boluses of phenylephrine.[@CIT0034],[@CIT0044],[@CIT0047]

Norepinephrine {#S0003-S2008}
--------------

Phenylephrine is a potent and pure α-adrenergic receptor agonist (without acting on β-adrenergic receptors), its use has been linked to a dose-dependent slowing of heart rate, and even a decrease in cardiac output (see discussion above). Some authors have therefore proposed norepinephrine because it has, an additional weak β-adrenergic receptor agonist activity. Ngan Kee et al recently published the results of a randomized controlled trial comparing norepinephrine with phenylephrine to maintain arterial blood pressure of parturients scheduled for elective caesarean sections under SA.[@CIT0049] Computer-controlled continuous infusion of norepinephrine (5 μg/mL) was equally effective to phenylephrine in controlling blood pressure, but lead to less bradycardia and decrease in cardiac output (albeit with no difference in neonatal outcome) due to the activity of norepinephrine on β-adrenergic receptors. A range from 0.07  to 0.08 μg kg^−1^ min^−1^ norepinephrine infusion may be optimum for initiating norepinephrine infusions for preventing SAH for cesarean section.[@CIT0050],[@CIT0051]

Further studies are necessary before it can be considered that norepinephrine is preferable to phenylephrine for the prevention of SA induced hypotension. It is not yet the time for a paradigm shift as to the choice of vasopressor agent[@CIT0052]--[@CIT0054] even if some preliminary results are interesting.[@CIT0055]

Serotonin Antagonists {#S0003-S2009}
---------------------

During SA, arterial hypotension and bradycardia have sometimes been observed to be related to the activation of the cardioinhibitory receptors via the BJR[@CIT0004],[@CIT0005] and chemoreceptors, activated by the serotonin (ie, 5-hydroxytryptamine (5-HT)), from circulating platelets, have been implicated in this setting. Animal studies have revealed that serotonin could be one of the factors favouring the BJR in the case of hypovolemia by activating peripheral Type 3 receptors located on intracardial vagal nerve terminations.[@CIT0056] Indeed, the administration of serotonin activated the BJR in rats, which was further antagonized by a blockade of 5-HT3 receptors.[@CIT0057]

In humans, a single case report of asystole occurring during SA which responded to atropine and ondansetron (a serotonin 5-HT3 receptor antagonist) lead to considering the possible relation between the BJR and the serotonergic and cholinergic receptors in the afferent and efferent fibers of this vagally mediated reflex during SAIH.[@CIT0058] Several authors have since proposed the administration of ondansetron in order to limit the hypotension and bradycardia induced by SA. But it is worth noting that while the injection of 4 to 8 mg of ondansetron several minutes before SA has been shown to limit the decreases in blood pressure, a decrease in the incidence of SAIH has never clearly been demonstrated.[@CIT0059]--[@CIT0062] A meta-analysis published by Gao et al in 2015, which included 10 randomized controlled studies, suggested that a prophylactic injection of ondansetron may be beneficial.[@CIT0063] However since then, two publications, one in parturients[@CIT0064] and the other in patients over 70 years old,[@CIT0061] have failed to show.

Even if the values of arterial blood pressure seem better with the administration of ondansetron, the tendency to privilege the control of directly measurable variables, such as arterial blood pressure, rather than non-measurable but otherwise essential variables, such as tissue oxygenation, presents a tangible bias.[@CIT0065]

A recent study has shown that intravenous ondansetron 4 mg reduced the ED50 of a prophylactic phenylephrine infusion by approximately 26% in patients undergoing cesarean delivery under combined spinal-epidural anesthesia.[@CIT0066]

In summary, further studies are necessary before ondansetron can be recommended for the prevention of SAIH.

Cafedrine and Theodrenaline {#S0003-S2010}
---------------------------

In Germany, a combination of cafedrine (covalently linked norephedrine and theophylline) and theodrenaline (covalently linked noradrenaline and theophylline) called Akrinor^®^ is used for the treatment of hypotension in adults that occurs during emergency situations, especially during cesarean sections.[@CIT0067]

German anesthesiologists often use cafedrine/theodrenaline and have gained a lot of practical experience with the substance. 86.2% of German hospitals use cafedrine/theodrenaline for the treatment of hypotension during regional anesthesia for cesarean section.[@CIT0068]

Cafedrine/theodrenaline can be administered via bolus while catecholamines normally need to be diluted and administered via syringe pumps. Bolus injection is faster, which may be beneficial in emergency situations. Sole administration of theodrenaline increases vascular resistance, while cafedrine exhibits an inotropic effect.[@CIT0069] By administering the two substances in combination the optimal ratio of cafedrine and theodrenaline can be used. Sakai et al tested different ratios in dogs and rats and concluded that 20:1 is the ideal ratio for both a rapid onset and a long-lasting hypertensive effect.[@CIT0070]

Also, this drug combination has a very good safety record, as it has been used widely in Germany since the 1960s. However, it should be noted that there are only few safety data from controlled trials available.

The drug strategies for the control of spinal anesthesia-induced hypotension (SAIH) in adults are summarized in [Table 1](#T0001){ref-type="table"}.Table 1Drug Strategies for the Control of Spinal Anaesthesia-Induced Hypotension (SAIH) in AdultsMedicationsModes of ActionPopulationCommentsMain ReferencesAtropineAntimuscarinic effect, HR increaseElderlySmall dose (5 µg/kg) prevent SAIH\
Attention to high-risk cardiac patientsLim et al[@CIT0035]EphedrineSympathomimetic amine acting directly on α- and β-adrenergic receptors and indirectly by increasing the release of endogenous catecholamine (norepinephrine)Caesarean section ++\
AdultsThe dose of ephedrine during elective caesarean section should not exceed 15 mg (stimulation of foetal metabolism)\
Role to play in patients with SAIH and bradycardiaKinsella and Tuckey[@CIT0004]\
Lee et al 2004[@CIT0071]\
Dyer et al 2009[@CIT0072]PhenylephrineDirect-acting α(1)-adrenergic receptor agonistCaesarean section ++\
ElderlyStrong evidence ++\
The effect of phenylephrine on cardiac output is dependent on the starting conditions of the return function\
Prophylactic phenylephrine infusion (immediately following intrathecal injection) reduces SAIHNgan Kee et al[@CIT0045]\
Ngan Kee 2010[@CIT0073]\
Ferré et al 2016[@CIT0011]NorepinephrinePotent α-adrenergic and weak β-adrenergic receptor agonist activityCaesarean sectionFurther studies are necessary before considering whether norepinephrine is preferable to phenylephrine for the prevention of SAIHNgan Kee et al[@CIT0049]\
Carvalho et al[@CIT0052]Cafedrine/Theodrenalineβ-Sympathomimetic effectsCaesarean sectionOnly few safety data from controlled trials available\
More data is neededKoch et al[@CIT0067]\
Marcus et al[@CIT0068]OndansetronSerotonin receptor antagonists: inhibition of the BJR by a blockade of 5- hydroxytryptamine Type 3 receptorsCaesarean section ++\
ElderlyA decrease in the incidence of SAIH has never clearly been demonstrated\
More data is neededTerkawi et al[@CIT0064]\
Owczuk et al[@CIT0061][^1]

Conclusion {#S0004}
==========

Spinal anesthesia-induced hypotension (SAIH) is frequently occurring, particularly in the elderly and in the parturient undergoing caesarean section. Several strategies for decreasing its incidence have been studied, but no one measure has been sufficiently effective. Contrary to co-loading, crystalloid preloading (ie, before the SA) is not effective. Phenylephrine is currently the standard vasopressor agent. Its prophylactic injection (ie, immediately after the intrathecal injection) by continuous intravenous infusion (at fixed or adjusted rate) or by way of titrating repeated boluses limits the incidence of SAIH observed in this setting. More data are needed before serotonin receptor antagonists, such as ondansetron, can be recommended for the prevention of arterial hypotension. Whatever strategy is to be used, bradycardia induced by SA must always be considered as a warning sign of a critical hemodynamic situation.
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[^1]: **Abbreviations:** SAIH, spinal anaesthesia-induced hypotension; HR, heart rate; BJR, Bezold--Jarisch reflex.
